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(57) Abstract: A method of producing a liquid transfer pin 
(10) having a tip (8) and defining a slot (1) extending from the 
tip (8) for transferring one or more drops of a fluid to a sub- 
strate, the slot comprising an elongate outlet portion (12) ex- 
tending from the tip (8) and a reservoir portion (4) connected 
to a distal end of the outlet portion and having a larger cut-out 
volume than that of the outlet portion, said method comprising 
the step of cutting the slot into a tip of a solid pin, wherein the 
width of the outlet portion at the tip is no more than 20 microns 
directly after cutting. 
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LIQUID TRANSFER PIN 

The present invention relates to a liquid transfer pin 
for transferring one or more drops of fluid to a 
substrate, and to a method of producing such a pin, and 
in particular, to a liquid transfer pin for producing 
microarrays of droplets for testing in the field of life 
sciences, and to a method of producing such a liquid 
transfer pin. 

Molecular biologists have a need to be able to create an 
array of thousands of different fluidic samples on a 
microscope slide o7r other substrate. Such arrays are 
typically prepared using a liquid transfer tool. The tip 
of the liquid transfer tool is dipped into a relatively 
large volume source of the sample liquid (typically 5 to 
4 0 microlitres) to pick up a droplet on the tip of the 
tool. The tip of the liquid transfer tool is then 
contacted with the substrate to transfer the droplet to 
the substrate. In the case that an array comprising dots 
of different sample fluids is to be prepared, the above 
procedure is repeated the necessary times to give the 
desired number of spots of the first sample fluid; the 
tool is then cleaned; and then the whole procedure is 
repeated for each of the plurality of sample fluids. 

These liquid transfer tools are typically combined in 
groups attached to a common base to provide a multi-pin 
liquid transfer tool so that a plurality of droplets can 
be transferred to the substrate in a single movement of 
the base to form an array. 

The array-forming process can be further expedited by 
providing the liquid transfer tool with a reservoir which 
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is connected to the tip of the liquid transfer tool and 
which can hold enough of the sample fluid for 
transferring a plurality of droplets to one or more 
substrates. The provision of such a reservoir greatly 
reduces the number of moves the liquid transfer tool 
needs to make between the substrate (s) and the sample 
fluid source. 

Monolithic liquid transfer tools prepared by the micro- 
machining of solid pins are known. A slot extending from 
the tip of the pin is cut into the pin using wire 
electronic discharge machining (EDM) . The smallest slots 
that have been produced with this technology are slots 
having a width in the range of 30 to 40 microns. 

There has however been a demand for a liquid transfer 
tool having smaller slot widths for creating an array of 
droplets of yet smaller diameter in order to create an 
array of yet greater droplet density. This demand has 
been somewhat met by modifying the monolithic liquid 
transfer pins mentioned above by plastic deformation of 
the tip of the pin to reduce the width of the slot at the 
tip of the pin from the machined width of 30 to 40 
microns to a smaller width. 

Such plastic deformation has generally been carried out 
in the following ways with reference to Figures 1(a), 
7(b), 8(a) and 8(b) of the accompanying drawings. 
According to one approach, the pin is machined with the 
aim of producing a perfect point as shown in Figure 7(a). 
The pin is then deformed in the manner generally shown in 
Figure 7 (b) when the tip of the pin is first tapped on 
the substrate. This method is particularly uncontrolled 
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and results in some pins which become deformed to the 
extent that they no longer work. 

According to a another approach, the pin is machined to 
have an increased tip diameter as shown in Figure 8 (a) . 
The pin is then plastically deformed before use by a 
crimping operation or with a screw arrangement to produce 
an axially tapered slot having a narrowed exit at the 
tip. 

However, the inventors of the present invention have 
found that these plastic deformation processes are 
inherently inconsistent resulting in pins of varying slot 
widths and tip diameters. As mentioned above, multi-pin 
liquid transfer tools require a group of liquid transfer 
pins having uniform dimensions in order to produce an 
array of uniformly-sized droplets, and a lot of time and 
effort is therefore required to select pins having 
matching dimensions . 

An aim of the present invention is to provide a liquid 
transfer pin and a method of producing a liquid transfer 
pin which at least partially resolves the above-mentioned 
problems in the prior art. 

According to a first aspect there is provided a method of 
producing a liquid transfer pin having a tip and defining 
a slot extending from the tip for transferring one or 
more drops of a fluid to a substrate, the slot comprising 
an elongate outlet portion extending from the tip and a 
reservoir portion connected to a distal end of the outlet 
portion and having a larger cut-out volume than that of 
the outlet portion, said method comprising the step of 
producing the pin by a non-deformation process, such as 
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cutting, wherein the width of the slot at the tip of the 
pin directly produced by the non-deformation process is 
no more than 20 microns. 

According to a second aspect of the present invention, 
there is provided a method of producing a liquid transfer 
pin having a tip and defining a slot extending from the 
tip for transferring one or more drops of a fluid to a 
substrate, the slot comprising an elongate outlet portion 
extending from the tip and a reservoir portion connected 
to a distal end of the outlet portion and having a larger 
cut-out volume than that of the outlet portion, said 
method comprising the step of cutting the slot into a tip 
of a solid pin, wherein the width of the outlet portion 
at the tip is no more than 20 microns directly after 
cutting. 

According to a third aspect of the present invention, 
there is provided a method of producing a liquid transfer 
pin having a tip and defining a slot extending from the 
tip for transferring one or more drops of a fluid from 
the tip to a substrate, the slot comprising an elongate 
outlet portion extending from the tip and a reservoir 
portion connected to a distal end of the outlet portion 
and having a larger cut-out volume than that of the 
outlet portion, said method comprising using copper 
vapour laser cutting to form the slot in a tip of a solid 
pin . 

According to a fourth aspect of the present invention 
there is provided a liquid transfer pin produced by any 
of the above-described methods. 
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According to a fifth aspect of the present invention 
there is provided a liquid transfer pin for transferring 
one or more drops of a fluid to a substrate from a tip 
thereof, the liquid transfer pin defining a slot 
extending from the tip, wherein the slot comprises an 
elongate outlet portion extending from the tip, and a 
reservoir portion connected to a distal end of the outlet 
portion, the width of the reservoir portion being greater 
than the width of the outlet portion at the point where 
it is connected to the outlet portion. 

According to a sixth aspect of the' present invention, 
there is provided a liquid transfer pin for transferring 
one or more drops of a fluid to a substrate from a tip 
thereof, the liquid transfer pin defining a slot 
extending from the tip, wherein the slot comprises an 
outlet portion extending from the tip and having a 
substantially axially uniform width, and a reservoir 
portion connected to the distal end of the outlet portion 
and having a substantially axially uniform width, the 
width of the outlet portion being less than the width of 
the reservoir portion. 

According to a seventh aspect of the present invention, 
there is provided a liquid transfer pin for transferring 
one or more drops of a fluid to a substrate from a tip 
thereof, the liquid transfer pin defining a slot 
extending from the tip, wherein the slot comprises an 
outlet portion extending from the tip and having a 
substantially axially uniform width of less than 20 
microns, and a reservoir portion connected to a distal 
end of the outlet portion and having a larger capacity 
than the outlet portion. 
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According to an eighth aspect of the present invention, 
there is provided a multi-pin liquid transfer tool 
comprising a plurality of liquid transfer pins as 
described above. 

According to a ninth aspect of the present invention, 
there is provided a method of producing a multi-pin 
liquid transfer tool by attaching a plurality of liquid 
transfer pins to a common base, each liquid transfer pin 
having a tip and defining a slot extending from the tip, 
wherein each liquid transfer pin is produced by cutting a 
slot into a tip of a solid pin, the width of the slot at 
the tip being less than 20 microns directly after 
cutting . 

According to an tenth aspect of the present invention, 
there is provided a method of producing a multi-pin 
liquid transfer tool by attaching a plurality of liquid 
transfer pins to a common base, each liquid transfer pin 
having a tip and defining a slot extending from the tip, 
wherein each liquid transfer pin is produced by cutting a 
slot into a tip of a solid pin by copper vapour laser 
cutting . 

According to a eleventh aspect of the present invention, 
there is provided a multi-pin liquid transfer tool 
produced by either of the above-described methods. 

According to a twelfth aspect of the present invention, 
there is provided a method of producing an ordered array 
of spots on a substrate using a liquid transfer pin or a 
multi-pin liquid transfer tool as described above. 
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According to a thirteenth aspect of the present invention 
there is provided a method of transferring one or more 
drops of liquid to one or more substrates using a liquid 
transfer pin, wherein the liquid transfer pin has a tip 
and defines a slot extending from the tip and is produced 
by cutting a slot into a tip of a solid pin, wherein the 
width of the slot at the tip is no more than 20 microns 
directly after cutting. 

According to a fourteenth aspect of the present 
invention, there is provided a method of transferring one 
or more drops of liquid to one or more substrates using a 
liquid transfer pin, wherein the liquid transfer pin has 
a tip and defines a slot extending from the tip and is 
produced by cutting a slot into a tip of a solid pin by 
copper vapour laser cutting. 

According to a preferred embodiment of the above- 
described aspects of the present invention, the slot 
extends right through the pin in a direction 
perpendicular to the longitudinal axis of the pin. In an 
alternative embodiment, all or a part of the slot may 
only extend partially through the pin in a direction 
generally perpendicular to the longitudinal axis of the 
pin, i.e. may only be open on one side in a direction 
perpendicular to the axis of the pin. 

Embodiments of the present invention will be described 
hereunder, by way of example only, with reference to the 
accompanying drawings, in which 

Figure 1 shows a schematic cross-sectional view of the 
working end of a liquid transfer pin according to an 
embodiment of the present invention; 



7 

SUBSTITUTE SHEET (RULE 26) 



WO 01/03837 



PCT/GB00/02678 



Figure 2 is a graph showing the performance of liquid 
transfer pins according to embodiments of the present 
invention with respect to consistency of volume 
dispensed; 

Figure 3 shows a schematic perspective view of the 
working end of the liquid transfer pin shown in cross- 
section in Figure 1; and 

Figures 4 (a) and 4 (b) are shematic cross-sectional views 
taken through lines A-A and B-B in Figure 3 f 
respectively . 

Figures 5(a) and 5(b) are cross-sectional views of the 
kind shown in Figures 4 (a) and 4 (b) for an alternative 
embodiment of the liquid transfer pin according to the 
present invention . 

Figure 6 shows a multi-pin liquid transfer tool according 
to the present invention. 

Figures 7 and 8 schematically show the plastic 
deformation processes used in the prior art. 

Figures 9(a) and 9(b) are schematic cross-sections of an 
alternative embodiment of a liquid transfer pin according 
to the present invention, taken perpendicular to the 
longitudinal axis of the pin. 

A liquid transfer pin having the geometry generally shown 
in Figures 1 and 3 is produced according to the following 
method. A 5mm diameter solid bar of 17-04ph stainless 
steel is turned, where necessary, and sharpened ^t one 
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end to produce a tapered solid pin having the desired 
dimensions. Copper vapour laser cutting is then used to 
cut a slot 1 in the tip of the solid pin 6 which extends 
from the tip 8 of the pin 6 in a direction substantially 
parallel to the longitudinal axis of the pin 6. As shown 
in Figures 3, 4(a) and 4 (b) , the slot extends right 
though the pin in a direction perpendicular to the 
longitudinal axis of the pin 6 (i.e. the direction shown 
by the arrows in Figures 4 (a) and 4 (b) ) . 

However, as mentioned above, the present invention is not 
limited to pins in which the slot extends right through 
the pin, but includes pins in which the outlet portion 
and/or the reservoir portion only partially extend 
through the pin in a direction perpendicular to the 
longitudinal axis of the pin, i.e. are only open on one 
side in a direction perpendicular to the longitudinal 
axis of the pin. Figures 9(a) and 9(b) are schematic 
cross-sectional views of a liquid transfer pin according 
to the present invention having a slot comprising an 
outlet portion 20 and a reservoir portion 22 which only 
extend partially through the pin in a direction generally 
perpendicular to the longitudinal axis of the pin. Such 
an alternative construction can be advantageous in the 
cases of pins having particularly small tip diameters, 
since it provides the pin with increased mechanical 
strength against deformation upon use. 

The slot comprises an outlet portion 2 having a 
substantially axially uniform width and a reservoir 
portion 4 having a substantially axially uniform width 
which is larger than that of the outlet portion 2. 
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The term "substantially axially uniform width" refers to 
the feature that the width of the respective portion of 
the slot is substantially uniform along the longitudinal 
(axial) length of the respective portion of the slot f 
i.e. from the proximal end to the distal end of the 
respective portion of the slot. 

As shown in the cross-sections shown in Figures 4(a) and 
4(b), the slot produced by copper vapour laser cutting 
has a width which is slightly tapered in a direction 
generally perpendicular to the axis of the liquid 
transfer pin, i.e. the direction shown by the arrows in 
Figures 4(a) and 4(b). In the case of such a slot whose 
width is not uniform in a direction generally 
perpendicular to the longitudinal axis of the pin, the 
term "width" refers to the average width of the 
respective portion of the slot in the direction shown by 
the arrows shown in Figures 4 (a) and 4 (b) . As already 
mentioned above, the average width of the respective 
portions of the slot is nevertheless substantially 
uniform along the axial length of the respective portions 
of the slot, i.e. from the proximal end to the distal end 
of the respective portions of the slot. 

According to an alternative embodiment, the width of the 
outlet portion and the reservoir portion of the slot are, 
as shown in Figures 5(a) and 5(b), also uniform in the 
direction perpendicular to the axis of the pin, i.e. the 
direction shown by the arrows in Figures 5(a) and 5(b). 
In this alternative embodiment, the opposing walls of the 
outlet portion 2 and reservoir portion 4 are thus 
substantially parallel to each other. 
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The copper vapour laser cutting is carried out as 
follows. The solid pin is secured on a mount in the path 
of the laser beam. The mount is moveable in x and y 
directions perpendicular to each other and perpendicular 
to the path of the laser beam. The beam of the laser is 
focussed down to a dot size of about 5 microns to achieve 
a sufficient power density to vaporise the material of 
the solid pin. The laser is then pulsed whilst 

displacing the pin in the x and y directions by moving 
the mount to successively vaporise and remove a surface 
layer of dimensions corresponding to those of the desired 
slot. This process is repeated to remove successive 
surface layers until the pin has been cut right through 
to leave a slot of the desired dimensions in the tip of 
the pin. 

In the case of producing a pin in which the slot only 
partially extends through the pin in a direction 
generally perpendicular to the longitudinal axis of the 
pin, the laser cutting is only continued until a slot of 
the desired depth has been cut. 

One of the advantages of copper vapour laser cutting is 
that the pulsing can be carried out at a high frequency, 
whereby a large amount of material can be vaporised and 
eliminated in a short period of time. This reduces the 
time required to produce the slot of desired shape. 

The geometry of the resulting monolithic liquid transfer 
pin 10 is generally shown in Figures 1, 3, 4(a) and 4(b). 
The outlet portion 2 preferably has a width, w of no more 
than 20 microns, preferably in the range of 10 to 20 
microns, and further preferably in the range of 10 to 15 
microns; and the reservoir portion preferably has a 
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width, W in the range of 50 to 300 microns, such as about 
100 microns. The length, 1 of the outlet portion 2 is 
preferably minimised whilst retaining a sufficient wall 
thickness "t" to prevent plastic deformation upon use of 
the liquid transfer pin. It is preferably minimised 
because it is preferred that the volume of the outlet 
portion is neglible compared to the volume of the 
reservoir portion. The length of the reservoir portion 
is preferably in the range of 300 to 2000 microns, such 
as about 1000 microns. 

The working end of the liquid transfer pin shown in 
Figures 1 and 3 is smoothly tapered towards the tip. 
Alternatively, it may be tapered in a step-wise manner or 
not tapered at all. 

Furthermore, as shown in Figures 4 and 5 the liquid 
transfer pin shown in Figures 1 and 3 has a generally 
circular cross-sectional symmetry. The tip of the liquid 
transfer pin is squared off and preferably has a diameter 
in the range of 50 to 200 microns, such as 100, 150 or 
200 microns. However, the present invention is not 
limited to liquid transfer pins having a circular cross- 
sectional symmetry, and the present invention may be 
applied to pins having non-circular cross-sectional 
symmetry such as a tapered or non-tapered thin blade- 
shaped pin having a generally rectangular cross-section. 

Since the resultant liquid transfer pin has the required 
small dimensions without having to subject the liquid 
transfer pin to subsequent plastic deformation, liquid 
transfer pins produced according to this method have 
consistent dimensions. This consistency means that the 
liquid transfer pin of the present invention is 
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particularly useful for producing a multi-pin liquid 
transfer tool as schematically shown in Figure 6 to be 
used for simultaneously creating an array of a large 
number of small droplets of uniform size. In Figure 6, a 
plurality of liquid transfer pins 10 having working ends 
as shown in Figures 1 and 3 are orderly arranged on a 
common base 12, such that the tips of the plurality of 
liquid transfer pins lie in a single horizontal plane. 

The liquid transfer pin of the present invention is used 
in the conventional manner. The liquid transfer pin is 
dipped into a source of the sample fluid whereby the 
outlet portion and reservoir portions become at least 
partially filled with the sample fluid. The tip of the 
liquid transfer pin is then tapped against the substrate 
on which the array is to be formed by relative movement 
of the tip of the pin towards the substrate to transfer a 
droplet of the sample fluid from the tip of the liquid 
transfer pin to the substrate. The tip of the liquid 
transfer pin is then repeatedly tapped at different 
portions of the surface of the substrate to form an 
ordered array of spots on the surface of the substrate. 

The liquid transfer pin generally shown in Figures 1 and 
3 exhibits excellent performance with respect to 
consistency of droplet volume with increasing spot 
number, as shown in the graph in Figure 2. The intensity 
given on the y-axis is directly proportional to the 
volume of the droplet dispensed on the substrate.. As can 
be seen from the graph, the volume dispensed is 
substantially consistent until the very last few spots 
with a very sharp reduction in dispensed volume for those 
last few spots. This is in contrast to conventional 
liquid transfer pins in which the tail-off is much 
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shallower whereby the dispensed volume is consistent for 
a smaller proportion of the total number of spots. 
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CLAIMS 

1. A method of producing a liquid transfer pin having a 
tip and defining a slot extending from the tip for 
transferring one or more drops of a fluid to a substrate, 
the slot comprising an elongate outlet portion extending 
from the tip and a reservoir portion connected to a 
distal end of the outlet portion and having a larger cut- 
out volume than that of the outlet portion, said method 
comprising the step of cutting the slot into a tip of a 
solid pin, wherein the width of the outlet portion at the 
tip is no more than 20 microns directly after cutting. 

2. A method of producing a liquid transfer pin 
according to claim 1 wherein the width of the slot at the 
tip is between 10 and 20 microns directly after cutting. 

3. A method of producing a liquid transfer pin 
according to claim 1 or claim 2 wherein the outlet 
portion of the slot has a substantially axially uniform 
width . 

4 . A method of producing a liquid transfer pin 
according to claim 3 wherein the reservoir portion of the 
slot has a substantially axially uniform width larger 
than that of the outlet portion. 

5. A method of producing a liquid transfer pin 
according to claim 1 wherein the liquid transfer pin is 
at least partially tapered towards the tip. 
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6. A method of producing a liquid transfer pin 
according to any preceding claim wherein the cutting is 
copper vapour laser cutting. 

7. A method of producing a liquid transfer pin having a 
tip and defining a slot extending from the tip for 
transferring one or more drops of a fluid from the tip to 
a substrate, the slot comprising an elongate outlet 
portion extending from the tip and a reservoir portion 
connected to a distal end of the outlet portion and 
having a larger cut-out volume than that of the outlet 
portion, said method comprising using copper vapour laser 
cutting to form the slot in a tip of a solid tapered pin. 

8. A method according to claim 7 wherein the width of 
the slot at the tip is no more than 20 microns. 

9. A method according to claim 8 wherein the width of 
the slot at the tip is in the range of 10 to 20 microns. 

10. A method according to any one of claims 7 to 9 
wherein the elongate outlet portion has a substantially 
axially uniform width. 

11. A method according to claim 10 wherein the reservoir 
portion has a substantially axially uniform width larger 
than that of the outlet portion. 

12. A method according to claim 7 wherein the liquid 
transfer pin is at least partially tapered towards the 
tip . 
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13. A method according to claim 7 wherein the tip of the 
liquid transfer pin has a circular cross-section with a 
diameter in the range of 50 to 200 microns. 

14. A liquid transfer pin produced by a method according 
to any of claims 1 to 13. 

15. A liquid transfer pin for transferring one or more 
drops of a fluid to a substrate from a tip thereof, the 
liquid transfer pin defining a slot extending from the 
tip, wherein the slot comprises an elongate outlet 
portion extending from the tip, and a reservoir portion 
connected to a distal end of the outlet portion, the 
width of the reservoir portion being greater than the 
width of the outlet portion at the point where it is 
connected to the outlet portion. 

16. A liquid transfer pin according to claim 15 wherein 
the width of the outlet portion at the tip is no more 
than 20 microns. 

17. A liquid transfer pin according to claim 16 wherein 
the width of the outlet portion at the tip is in the 
range of 10 to 20 microns. 

18. A liquid transfer pin according to any of claims 15 
to 17 wherein the outlet portion has a substantially 
axially uniform width. 

19. A liquid transfer pin according to any of claims 15 
to 18 wherein the reservoir portion has a substantially 
axially uniform width. 
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20. A liquid transfer pin for transferring one or more 
drops of a fluid to a substrate from a tip thereof, the 
liquid transfer pin defining a slot extending from the 
tip, wherein the slot comprises an outlet portion 
extending from the tip and having a substantially axially 
uniform width, and a reservoir portion connected to a 
distal end of the outlet portion and having a 
substantially axially uniform width, the width of the 
outlet portion being less than the width of the reservoir 
portion . 

21. A liquid transfer pin according to claim 20 wherein 
the width of the outlet portion is no more than 20 
microns . 

22. A liquid transfer pin according to claim 21 wherein 
the width of the outlet portion is in the range of 10 to 
20 microns. 

23. A liquid transfer pin for transferring one or more 
drops of a fluid to a substrate from a tip thereof, the 
liquid transfer pin defining a slot extending from the 
tip, wherein the slot comprises an outlet portion having 
a substantially axially uniform width of less than 20 
microns, and a reservoir portion connected to a distal 
end of the outlet portion and having a larger capacity 
than the outlet portion. 

24. A liquid transfer pin according to claim 23 wherein 
the width of the outlet portion is in the range of 10 to 
20 microns. 
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25. A liquid transfer pin according to claim 2 4 wherein 
the reservoir portion also has a substantially axially 
uniform width. 

26. A multi-pin liquid transfer tool comprising a 
plurality of liquid transfer pins according to any of 
claims 14 to 25 attached to a common base. 

27. A method of producing a multi-pin liquid transfer 
tool by attaching a plurality of liquid transfer pins to 
a common base, each liquid transfer pin having a tip and 
defining a slot extending from the tip, wherein each 
liquid transfer pin is produced by cutting a slot into a 
tip of a solid pin, the width of the slot at the tip 
being less than 20 microns directly after cutting. 

28. A method of producing a multi-pin liquid transfer 
tool by attaching a plurality of liquid transfer pins to 
a common base, each liquid transfer pin having a tip and 
defining a slot extending from .the tip, wherein each 
liquid transfer pin is produced by cutting a slot into a 
tip of a solid pin by copper vapour laser cutting. 

29. A multi-pin liquid transfer tool produced by the 
method defined in claim 27 or claim 28. 

30. A method of producing an ordered array of spots on a 
substrate using a liquid transfer pin according to any 
one of claims 15 to 25 or a multi-pin liquid transfer 
tool according to claim 26 or claim 29. 

31. A method of producing an ordered array of spots 
according to claim 30 wherein the diameter of the spots 
is in the range of 50 to 200 microns. 
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32. A method of transferring one or more drops of liquid 
to one or more substrates using a liquid transfer pin, 
wherein the liquid transfer pin has a tip and defines a 
slot extending from the tip and is produced by cutting a 
slot into a tip of a solid pin, wherein the width of the 
slot at the tip is no more than 20 microns directly after 
cutting . 

33. A method of transferring one or more drops of liquid 
to one or more substrates using a liquid transfer pin, 
wherein the liquid transfer pin has a tip and defines a 
slot extending from the tip and is produced by cutting a 
slot into a tip of a solid pin by copper vapour laser 
cutting . 

34. A liquid transfer pin substantially as hereinbefore 
described with reference to any of Figures 1 and 3 to 5 
of the accompanying drawings. 

35. A multi-pin liquid transfer tool substantially as 
hereinbefore described with reference to Figure 6 and any 
of Figures 1 and 3 to 5 of the accompanying drawings. 
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